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(54) Receiver 



(57) A receiver includes a phased array antenna 
and a demodulator. The phased array antenna Includes 
first and second antenna elements and a phase shifter 
for shifting the phase of a signal received by the first 
antenna element by a predetermined amount. The de- 
modulator includes a first junction circuit which receives 
a local signal and a signal output from the phase shifter 
and which generates a plurality of signals having a 
phase difference; a second Junction circuit which re- 
. ceives a local signal and a signal output from the second 
antenna element and which generates a plurality of sig- 



nals having a phase difference; signal combiners for 
combining corresponding signals output from the two 
•junction circuits; power detectors for detecting the signal 
levels of the output signals of the signal combiners; and 
. a converter for converting the outputs signals of the 
power detectors so as to obtain IQ signals. Thus the re- 
ceiver has the advantage that information of the ampli- 
tudes of the signals received by the antenna elements 
is not lost and the directivity of the phased array antenna 
can be easily control led. Furthermore, the receiver Is ca- 
pable of performing wide-band and low-distortion de- 
modulation. X ■ j -.v ' 'K.V' 
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Description 

[0001] The present invention relates to a receiver. Embodiments of the invention Include a two-element phased array 
antenna and have a capability of performing demodulation by means of multiport direct conversion. 
5 [0002] In a conventional receiver including a two-element phased array antenna, RF signals received by the two- 
element antenna are directly combined at the RF frequency, and demodulation is performed on the resultant combined 
signal. 

[0003] The demodulation is performed by means of, for example, direct conversion using a mixer and a local signal. 
[0004] However, the conventional receiver has the problem that because the RF signals received by the two antenna 
10 elements are directly combined at the RF frequency, information about the amplitude of each RF signal is lost. This 
makes it difficult for a beam former to control the directivity. 

[0005] When demodulation is performed using a mixer, it is difficult to obtain a wide bandwidth and it is required to 
apply a high-level local signal to the mixer. The application of the high local power causes the mixer to operate in a 
nonlinear fashion. As a result, low-distortion demodulation becomes difficult. 
is [0006] Embodiments of the present invention seek to provide a receiver capable of detecting the amplitudes of signals 
received by antenna elements, easily controlling the directivity, and performing wide-band and low-distortion demod- 
ulation. 

[0007] According to an aspect of the present invention, there is provided a receiver comprising a phased array an- 
tenna comprising first and second antenna elements for receiving a radio signal; and a phase shifter for shifting, by a 

20 predetermined amount, the phase of a signal received by the first antenna element; a local signal generator for gen- 
erating a local signal with a predetermined frequency; apd a direct conversion demodulator comprising first generating 
means which is supplied with the received signal output from the phase shifter of the phased array antenna and the 
local signal generated by the local signal generator and which generates two signals different In phase on the basis 
of at least one of the supplied signals and outputs at least one of the generated signals; second generating means 

25 which Is supplied with the received signal output from the second antenna element of the phased array antenna and 
the local signal generated by the local signal generator and which generates two signals different in phase on the basis 
of at least one of the supplied signals and outputs at least one of the generated signals; at least one signal combiner 
for combining corresponding signals output from the first generating means and the second generating means; at least 
one power detector for detecting the; signal, level of a signal output from the signal combiner; and a converter for 

30 converting the signal output from the power detector on the basis of a predetermined parameter so as to obtain a 
plurality of signal components contained in the received signal or the local signal. 

[0008] In this receiver, preferably, each of the first and second generating means includes a plurality of signal output 
" terminals, and signals output from the first and second generating means are applied to the signal combiners such 
that the signals output from the output terminals which are similar In structure are applied to the same one of the signal 
35 'combiners. - ' --<"- ••••••• v.- ; •: ■■ - 

[0009] Preferably, the phased array antenna comprises first and second amplifiers for amplifying the signals received 
by the first and second antenna elements by predetermined amplification factors. 

[0010] Preferably, the local signal generator sets the level of the local signal in accordance with the output signal of 
the converter. ' ' '-■ - ■ ; -..«■.-■.■;*, 
40 [001 1 ] Preferably, the receiver further comprises a regenerator for regenerating a carrier signal in accordance with 
the conversion signal output from the converter such that the carrier signal has the same frequency as that output from 
the local signal generator. 

[0012] According to another aspect of the present invention, there is provided a receiver comprising a phased array 
antenna comprising first and second antenna elements for receiving a radio signal; first and second amplifiers for 

4s amplifying signals received by the first and second antenna elements, respectively, by predetermined amplification 
factors; and a phase shifterfor shifting, by a predetermined amount, the phase of the signal received by the first antenna 
element; a local signal generatorfor generating a local signal with a predetermined frequency; and a direct conversion 
demodulator comprising first generating means which is supplied with the received signal shifted in phase by the phase 
shifter of the phased array antenna and the local signal generated by the local signal generator during a signal de- 

so modulation process and which Is supplied, at a predetermined time not during the signal demodulation process, with 
the received signal shifted in phase by the phase shifter of the phased array antenna, thereby generating a plurality 
of signals which are different in phase; second generating means which is supplied with the received signal output 
from the second amplifier of the phased array antenna and which generates a plurality of signals different in phase; a 
first power detector for detecting the level of a signal output from the first generating means; a second power detector 

55 for detecting the level of a signal output from the second generating means; at least one signal combiner for combining 
corresponding signals output from the first generating means and the second generating means, except for output 
signals applied to the first and second power detectors; at least one third power detector for detecting the signal level 
of a signal output from the signal combiner; and a converter for, during the signal demodulation process, converting 
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the output signals of the first, second, and third power detectors so as to obtain a plurality of signal components con- 
tained in the received signal or the local signal in accordance with a predetermined parameter, and, at a predetermined 
time not during the signal demodulation process, determining the amplification factors of the first and second amplifiers 
in accordance with the output signals of the first and second power detectors so that a predetermined condition is 
5 satisfied. 

[0013] In this receiver, preferably, the converter determines the amplification factor such that P 0 = P 1 where P 0 is 
the output signal power of the first power detector and P., is the output signal power of the second power detector. 
[0014] Preferably, the receiver further comprises a controllerfor controlling the first and second amplifiers such that 
the first and second amplifiers have a gain equal to that determined by the converter. 

10 [0015] According to still another aspect of the present invention, there is provided a receiver comprising a phased 
array antenna comprising first and second antenna elements for receiving a radio signal; first and second amplifiers 
for amplifying signals received by the first and second antenna elements, respectively, by predetermined amplification 
factors; and a phase shifterfor shifting, by a predetermined amount, the phase of the signal received by the first antenna 
element; a local signal generator for generating a local signal with a predetermined frequency; and a direct conversion 

is demodulator comprising first generating means which is supplied with the received signal shifted in phase by the phase 
shifter of the phased array antenna and the local signal generated by the local signal generator during a signal de- 
modulation process and which is supplied, at a predetermined time not during the signal demodulation process, with 
the received signal shifted in phase by the phase shiner of the phased array antenna, thereby generating a plurality 
of signals which are different in phase; second generating means which is supplied with the received signal output 

20 from the second amplifier of the phased array antenna and which generates a plurality of signals different in phase; a 
first power detector for detecting the level of a signal output from the first generating means; a second power detector 
for detecting the level of a signal output from the second generating means; at least one signal combiner for combining 
corresponding signals output from the first generating means and the second generating means, except for output: 
signals applied to the first and second power detectors; at least one third power detector for detecting the signal level 

25 of a signal output from the signal combiner; and a converter for, during the signal demodulation process, converting 
the output signals of the first, second, and third power detectors so as to obtain a plurality of signal components con- 
tained in the received signal or the local signal in accordance with a predetermined parameter, and, at a predetermined 
time not during the signal demodulation process, determining the amount of phase shift created by the phase shifter 
in accordance with the output signals of the first, second and third power detectors so that a predetermined condition 

30 is satisfied. 

[001 6] t: In this receiver, preferably, on the basis of the output signal powers P 0 , P 1t and P 2 of the first, second and 
third power detectors, respectively, the converter determines the phase difference at the input terminals of the signal 
combiner between the signals received by the two antenna elements and determines the amount of phase shift created 
by the phase shifter so that the phase difference is cancelied. 
35 [0017] Preferably, the receiver further comprises a controller for adjusting the phase shift of the phase shifter In 
accordance with the amount of phase shift determined by the converter. 

[0018] According to still another aspect of the present Invention, there is provided a receiver comprising a phased 
array antenna comprising first and second antenna elements for receiving a radio signal; first and second amplifiers 
for amplifying signals received by the first and second antenna elements, respectively, by predetermined amplification 

40 factors; and a phase shifterfor shifting, by a predetermined amount, the phase of the signal received by the first antenna 
element; a local signal generator for generating a local signal with a predetermined frequency; and a direct conversion 
demodulator comprising first generati ng means which is supplied with the received signal shifted In phase by the phase 
shifter of the phased array antenna and the local signal generated by the local signal generator during a signal de- 
modulation process and which is supplied, at a predetermined time not during the signal demodulation process, with 

45 the received signal shifted in phase by the phase shifter of the phased array antenna, thereby generating a plurality 
of signals which are different In phase; second generating means which is supplied with the received signal output 
from the second amplifier of the phased array antenna and which generates a plurality of signals different in phase; a 
first power detector for detecting the level of a signal output from the first generating means; a second power detector 
for detecting the level of a signal output from the second generating means; at least one signal combinerf or combining 

so corresponding signals output from the first generating means and the second generating means, except for output 
signals applied to the first and second power detectors; at least one third power detector for detecting the signal level 
of a signal output from the signal combiner, and a converter for, during the signal demodulation process, converting 
the output signals of the first, second, and third power detectors so as to obtain a plurality of signal components con- 
tained in the received signal or the local signal in accordance with a predetermined parameter, and, at a predetermined 

55 time not during the signal demodulation process, determiningthe amplification factors of the first and second amplifiers 
in accordance with the output signals of the first and second power detectors so that a predetermined condition is 
satisfied and also determining the amount of phase shift created by the phase shifter in according with the output 
signals of the first, second and third power detectors so that a predetermined condition is satisfied. 
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[0019] In this receiver, preferably, the converter determines the amplification factors so that the output signal power 
P 0 of the first power detector and the output signal power P 1 of the second power detector becomes equal to each 
other, and furthermore, on the basis of the output signal powers P 0 , P 1f and P 2 of the first, second and third power 
detectors, respectively, the converter determines the phase difference at the input terminals of the signal combiner 
5 between the signals received by the two antenna elements and determines the amount of phase shift created by the 
phase shifter so that the phase difference is cancelled. 

[0020] Preferably, the receiver further comprises a controller for controlling the first and second amplifiers so that 
the first and second amplifiers have the amplification factors determined by the converter, and for controlling the amount 
of phase shift created by the phase shifter so that the amount of phase shift determined by the converter is created by 
10 the phase shifter. 

[0021] Preferably, signals output from the first and second generating means are applied to the signal combiners 
such that the signals output from the output terminals which are similar in structure are applied to the same one of the 
signal combiners. 

[0022] Preferably, the local signal generator sets the level of the local signal in accordance with the output signal of 
is the converter. 

[0023] Preferably, the receiver further comprises a regenerator for regenerating a carrier signal in accordance with 
the conversion signal output from the converter such that the carrier signal has the same frequency as that output from 
the local signal generator. 

[0024] Thus, in embodiments of the present invention, the received signal output from the first antenna element and 
20 the local signal are applied to the first generating means, and the received signal output from the second antenna 
element and the local signal are applied to the second generating means, whereby multiport direct conversion is per- 
formed thereby demodulating the signal. 

[0025] This receiver, which includes the two-element phased array antenna and which performs demodulation by 
means of multiport direct conversion, can arbitrarily control the directivity of the phased array antenna and can detect 

25 the amplitudes of the signals detected by the antenna elements. 

[0026] Use of the multiport demodulator including the power detectors makes it possible for the receiver to have a 
wider bandwidth. This is useful in particular when a software radio communication technique is employed because this 
technique needs a multilane capability or a wide-band characteristic. Furthermore, it becomes possible to operate at 
higher frequencies. Because the power detectors operate in linear regions, low-distortion demodulation can be 

so achieved using a low-power local signal. 

[0027] In embodiments of the present invention, when demodulation is performed, the received signal output from 
the first antenna element and the local signal are applied to the first generating means, and the received signal output 
from the second antenna element is applied to the second generating means, whereby the demodulation process is 
performed. 

35 [0028] On the other hand, at a predetermined time not during the demodulation process, only the signals received 
by the two antenna elements are applied to the first and second generating means. 

[0029] In this situation, the converter determines the amplification factors of the amplifiers in accordance with the 
output signals of the first and second power detectors so that a predetermined condition is satisfied. More specifically, 
for example, the amplification factors are determined so that P 0 = P 1 where P 0 is the output signal power of the first 

40 power detector and P 1 is the output signal power of the second power detector. 

[0030] Furthermore, on the basis of the output signal powers P 0 , P 1t and P 2 of the first, second and third power 
detectors, respectively, the converter determines the phase difference at the input terminals of the signal combiner 
between the signals received by the two antenna elements and determines the amount of phase shift created by the 
phase shifter so that the phase difference is cancelled. 

45 [0031] The controller controls the first and second amplifiers so that the first and second amplifiers have the ampli- 
fication factors determined by the converter, and for controlling the amount of phase shift created by the phase shifter 
so that the amount of phase shift determined by the converter is created by the phase shifter. 
[0032] Because the amount of phase shift and the amplitude amplification factors necessary to control the directivity 
of the phased array antenna are calculated directly from the received signal, it is not required to perform calibration 

so for each antenna element, and thus it is possible to reduce the cost of the receiver. Furthermore, it is possible to 
minimize the change in characteristic of the receiver due to changes in characteristics of the antenna elements caused 
by a temperature change or an aging effect. 

[0033] The invention will now be described by way of example with reference to the accompanying drawings, through- 
out which like parts are referred to by like references, and in which: 

55 

Fig. 1 is a block diagram illustrating the construction of a receiver which includes a two-element phased array 
antenna and which performs demodulation by means of multiport direct conversion, according to afirst embodiment 
of the present invention; 
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Fig. 2 is a circuit diagram illustrating an example of the circuit configuration of a 3-port junction circuit according 
to an embodiment of the present invention; 

Fig. 3 is a circuit diagram illustrating an example of the circuit configuration of a 4-port junction circuit according 
to an embodiment of the present invention; 
5 Fig. 4 is a circuit diagram illustrating an example of the circuit configuration of a 5-port junction circuit according 

to an embodiment of the present invention; 

Fig. 5 is a circuit diagram illustrating an example of the circuit configuration of a 6-port junction circuit according 
to an embodiment of the present invention; 

Fig. 6 is a block diagram illustrating the construction of a receiver which includes a two-element phased array 
10 antenna and which performs demodulation by means of muitiport direct conversion, according to a second em- 

bodiment of the present invention; 

Fig. 7 is a circuit diagram illustrating another example of the circuit configuration of a 5-port junction circuit according 
to an embodiment of the present invention; and 

Fig. 8 is a circuit diagram illustrating still another example of the circurt configuration of a 5-port junction circuit 
is according to an embodiment of the present invention. 

First Embodiment 

[0034] Fig. 1 illustrates the construction of a receiver which includes a two-element phased array antenna and which 
20 performs demodulation by means of muitiport direct conversion, according to a first embodiment of the present inven- 
tion. 

[0035] As shown in Fig. 1 , the receiver 100 includes a phased array antenna 101, a muitiport direct conversion 
demodulator 102 t a local signal generator 103, and a carrier regenerator 104. 

[0036] Herein, the demodulation based on the muitiport direct conversion generically refers to demodulation per- 
25 formed using power detectors. The details of the demodulation technique based on the muitiport direct conversion may 
be found, for example, In the following literatures. 

(1 ) Ji U, R. G. Bosisio, "A Six-port Direct Digital Millimeter Wave Receiver", MTT-S, 1 994; 

(2) Hans-Otto Scheck, et. al, "A method for implementing a direct conversion receiver with a six-port junction", EP 
30 0 805 561 A2; 

(3) V. Brankovic, EP O 896 455 A1 ; 

■_: (4) V. Brankovic, et. al. WO 99/331 66; and 

(5) G. Oberschmidt, et al, "Calibration of a N-port receiver", European patent application No. 99113262.2, filed 
on July 8, 1999. 

35 , 

[0037] The phased array antenna 101 includestwo antenna elements 1011-1 and 1011-2, two preselect filters 1012-1 
and 1012-2, two RF amplifiers 1013-1 and 1013-2, and one phase shifter 1014-1. 

[0038] In the phased array antenna 101, the preselect filter 1012-1 , the RF amplifier 1013-1, and the phase shifter 
1 014-1 are connected in cascade with the antenna element 1 011-1 , and the preselect filter 1 01 2-2 and the RF amplifier 
40 1013-2 are connected In cascade with the antenna element 1 01 1 -2. Furthermore, the output of the phase shifter 1 01 4-1 
and the output of the RF amplifier 1 01 3-2 are connected to the muitiport direct conversion demodulator 1 02 such that 
a signal out from the phase shifter 1 01 4-1 and a signal output from the RF amplifier 1 01 3-2 are supplied to the muitiport 
direct conversion demodulator 1 02. 

[0039] The phase shifter 1 01 4-1 servers to shift the phase of a signal received by the antenna element 1 011 -1 by a 

45 predetermined amount so as to make the phased array antenna have directivity. 

[0040] In the phased array antenna 101 , the signal received by the antenna element 1 011 -1 Is supplied to the muitiport 
direct conversion demodulator 1 02 after being passed through the preselect filter 1012-1, the RF amplifier 1 01 3-1 , and 
; the phase shifter 1014-1 , which are connected in cascade to the antenna element 1011-1. The signal received by the 
antenna element 1011-2 is supplied to the muitiport direct conversion demodulator 102 after being passed through the 

so preselect filter 1 01 2-2 and the RF amplifier 1 01 3-2 which are connected in cascade to the antenna element 1 011 -2. 
[0041 ] The muitiport direct conversion demodulator 1 02 Includes two muitiport junction circuits (n-port junction circuits 
where n is an integer equal to or greater than 3) 1021-1 and 1021-2, signal combiners 1022-1 to 1022-k (k = n - 2), 
one or more power detectors (PDs) 1023-1 to 1023-k, A/D converters 1024-1 to 1024-k, and a muitiport IQ signal 
converter 1025. 

55 [0042] The muitiport junction circuit 1021-1 includes a first input terminal TIN1 to which a first received signal RS1 
is supplied from the phase shifter 1014-1 of the array antenna 101 , and also includes a second input terminal TIN2 to 
which a local signal LS is supplied. The muitiport junction circuit 1 021-1 is supplied with the first received signal RS1 
and the local signal LS and generates two signals (high-frequency signals) having a phase difference on the basis of 
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at least one of the supplied signals. The first received signal RS1 , the local signal LS, and at least one of the generated 
signals are output from the multiport junction circuit 1021-1 to the signal combiners 1022-1 to 1022-k. 
[0043] The multiport junction circuit 1021-2 includes a first input terminal TIN1 to which a second received signal 
RS2 is supplied from the RF amplifier 1013-2 of the array antenna 101, and also includes a second input terminal TIN2 

s to which the local signal LS is supplied. The multiport junction circuit 1 021 -2 is supplied with the second received signal 
RS2 and the local signal LS and generates two signals (high-frequency signals) having a phase difference on the basis 
of at least one of the supplied signals. The second received signal RS2, the local signal LS, and at least one of the 
generated signals are output from the multiport junction circuit 1021-2 to the signal combiners 1022-1 to 1022-k. 
[0044] That is, each of the multiport junction circuits 1021-1 and 1021-2 has two input terminals and at least one 

10 output terminal, and thus each multiport junction circuit operates as a n-port (multiport) circuit wherein n is equal to the 
sum of number of input terminals and the output terminals. 

[0045] The signals output from the respective two multiport Junction circuits 1 021 -1 and 1 021 -2 are supplied to the 
signal combiners 1 022-1 to 1 022-k such that the output signals output from similar output terminals are supplied to the 
same signal combiner. 

75 [0046] Each of the signal combiners 1 022-1 to 1 022-k combines signals received from the respective multiport junc- 
tion circuits 1 021 -1 and 1 021 -2 and supplies the resultant combined signal to one of power detectors 1 023-1 to 1 023-k 
corresponding to the respective output terminals. 

[0047] The power detectors 1023-1 to 1 023-k detect the amplitude components of the signals output from the re- 
spective signal combiners 1022-1 to 1022-k and supply resultant detected signals P1 to Pk to the A/D converters 
20 1024-1 to 1024-k, respectively. 

[0048] The A/D converters 1 024-1 to 1 024-k convert the detected signals P1 to Pk output from the power detectors 
1 023-1 to 1 023-k from analog form into digital form and supply the resultant signals to the multiport IQ signal converter 
1025. 

[0049] Specific examples of configurations of the multiport (n-port, where n is an Integer from 3 to 6) junction circuit 
25 1021 are described below with reference to the drawings. 

[0050] Fig. 2 is a circuit diagram illustrating an example of the circuit configuration of the 3-port junction circuit. 

[0051] This 3-port junction circuit 1021 A includes a first input terminal TIN1 to which a received signal is input, a 

second Input terminal TIN2 to which a local signal is input, splitters 201 and 202, phase shifters 203 and 204, and 

switching circuit 205. The output side of this 3-port junction circuit 1 021 A is connected to one signal combiner 1 022-1 . 
30 [0052] Herein, the term °3-port a is used because there are a total of three ports including two ports of the first and 

second input terminals TIN1 and TIN2 and the one port of the output terminal connected to the signal combiner 1 022-1 

of the splitter 201 . 

[0053] In the 3-port junction circuit 1 021 A shown in Fig. 2, the splitters 201 and 202, the phase shifters 203 and 204, 

and the switching circuit 205 form generating means. 
35 [0054] In this 3-port junction circuit 1021 A, the received signal RS input to the input terminal TIN1 is applied to the 

splitter 201 and split into two signals. One of the split signals is applied to the signal combiner 1 022-1 . 

[0055] On the other hand, the local signal LS input to the input terminal TIN2 is applied to the splitter 202 and split 

into two signals. One of the split signals is applied to the phase shifter 203 and shifted in phase by 6. The resultant 

phase-shifted signal is then applied to the switching circuit 205. The other split signal is applied to the phase shifter 
40 204 and shifted in phase by G. The resultant phase-shifted signal is then appliedto the switching circuit 205. After being 

shifted in phase by the phase shifters 203 and 204, the signals are alternately selected by the switching circuit 205 

and output to the splitter 201 . 

[0056] The signal input to the splitter 201 is split into two signals one of which is applied to the signal combiner 1 022-1 
and the other one is applied to the input terminal T1N1 . 
45 [0057] Fig. 3 Is a circuit diagram illustrating an example of the circuit configuration of a 4-port junction circuit. 

[0058] This 4-port Junction circuit 1021B includes a first Input terminal TIN1 to which a received signal Is input," a 
second Input terminal TIN2 to which a local signal is input, switching circuits 301 and 302, splitters 303 and 304, and 
a phase shifter 305. The output side of this 4-port Junction circuit 1 021 B is connected to two signal combiners 1 022-1 
and 1022-2. 

so [0059] Herein, the term u 4-port" is used because there are a total of four ports including two ports of the first and 
second Input terminals TIN1 and TIN2 and two ports of the output terminals one of which is connected to the signal 
combiner 1022-1 of the splitter 303 and the other one is connected to the signal combiner 1 022-2 of the splitter 304. 
[0060] in the 4-port junction circuit 1 021 B shown in Fig. 3, the switching circuits 301 and 302, the splitters 303 and 
304, and the phase shifter 305 form generating means. 

55 [0061] In this 4-port junction circuit 1021B, the received signal RS input to the input terminal TIN 1 is applied, via the 
high-speed switching circuit 301 , to the splitter 303 and split into two signals. One of the split signals is applied to the 
signal combiner 1 022-1 , and the other is applied to the phase shifter 305. 

[0062] The phase shifter 305 shifts the phase of the applied signal by an amount of e. The resultant phase-shifted 
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signal is applied to the splitter 304 and split into two signals. One of the split signals output from the splitter 304 is 
applied to the signal combiner 1 022-2, and the other is applied to the high-speed switching circuit 302. 
[0063] On the other hand, the local signal LS input to the input terminal TIN2 is applied, via the high-speed switching 
circuit 302, to the splitter 304 and split into two signals. One of the split signals is applied to the signal combiner 1 023-2, 
5 and the other is applied to the phase shifter 305. 

[0064] The phase shifter 305 shifts the phase of the local signal applied from the splitter 304 by an amount of 6. The 
resultant phase-shifted signal is applied to the splitter 303 and split into two signals. One of the split signals output 
from the splitter 303 is applied to the signal combiner 1023-1 , and the other is applied to the high-speed switching 
circuit 301. 

10 [0065] Thus, the received signal and the local signal shifted in phase by G are applied to the signal combiner 1 022-1 , 
while the received signal shifted in phase by 6 and the local signal are applied to the signal combiner 1 022-2. 
[0066] Fig. 4 is a circuit diagram illustrating an example of the circuit configuration of a 5-port junction circuit. 
[0067] This 5-port junction circuit 1021C includes a first input terminal TIN1 to which a received signal is input, a 
second input terminal TIN2 to which a local signal is input, a coupler 401 , splitters 402 and 403, and a phase shifter 

is 404. The output side of this 5-port junction circuit 1 021 C is connected to three signal combiners 1 022-1 , 1 022-2, and 
1022-3. 

[0068] Herein, the term "5-port M Is used because there are a total of five ports including two ports of the first and 
second Input terminals TIN1 and TIN2 and further three ports of the output terminals which are respectively connected 
to the signal combiner 1 022-1 of ihe coupler 401 , the signal combiner 1 022-2 of the splitter 402, and the signal combiner 
20 1 022-3 of the splitter 403. 

[0069] In this 5-port junction circuit 1021 C, the coupler 401, the splitters 402 and 403, and the phase shifter 404 form 
generating means. 

[0070] In this 5-port junction circuit 1021C, the received signal RS input to the input terminal TIN1 is applied to the 
splitter 402 via the coupler 401 , and a part of the input signal is applied to the signal combiner 1 022-1 . 
25 [0071] The received signal applied to the splitter 402 is split into two signals. One of the split signals is applied to 
the signal combiner 1022-2, and the other is applied to the phase shifter 404. 

[0072] .? The phase shifter 404 shifts the phase of the received signal applied from the splitter 402 by an amount of 9. 
The resultant phase-shifted signal is applied to the splitter 403 and split into two signals. One of the split signals output 
from the splitter 403 is applied to the signal combiner 1022-3, and the other is applied to the input terminal TIN2. 
30 [0073] ^ On the other hand, the local signal LS input to the input terminal TIN2 is applied to the splitter 403 and split 
into two signals. One of the split signals is applied to the signal combiner 1 022-3, and the other is applied to the phase 
shifter 404. 

[0074];. The phase shifter 404 shifts the phase of the local signal applied from the splitter 403 by an amount of G. The 
resultant phase-shifted signal is applied to the splitter 402 and split Into two signals. One of the split signals output — 
35 from the splitter 402 is applied to the signal combiner 1 022-2, and the other is applied to the coupler 401 . 

[0075] Thus, the received signal is applied to the signal combiner 1C22-1 ; the received signal and the local signal 
shifted in phase by 6 are applied to the signal combiner 1022-2; and the received signal shifted in phase by G and the 
local signal are applied to the signal combiner 1023-3. 

[0076] Fig. 5 is a circuit diagram illustrating an example of the circuit configuration of a 6-port Junction circuit. 
40 [0077] This 6-port junction circuit 1 021 D includes a first input terminal T1N1 to which a received signal is input, a 
second input terminal TIN2 to which a local signal is input, couplers 501 and 502, splitters 503 and 504, and a phase 
shifter 505. The output side of this 5-port junction circuit 1 021 D is connected to four signal combiners 1 022-1 , 1 022 : 2, 
1022-3, and 1022-4. 

[0078] Herein, the term "S-port" is used because there are a total of six ports including two ports of the first and 
45 second Input terminals TIN 1 and TIN2 and further four ports of the output terminals which are respectively connected 
to the signal combiner 1022-1 of the coupler 501 , the signal combiner 1022-2 of the splitter 503, the signal combiner 
1 022-3 of the splitter 504, and the signal combiner 1 022-4 of the coupler 502. 

[0079] In this 6-port junction circuit 1 021 D, the couplers 501 and 502, the splitters 503 and 504, and the phase shifter 
505 form generating means. 

so [0080] In this 6-port junction circuit 1021 D, the received signal RS input to the input terminal TIN1 is applied to the 
splitter 503 via the coupler 501 , and a part of the input signal is applied to the signal combiner 1 022-1 . 
[0081] The received signal applied to the splitter 503 is split into two signals. One of the split signals is applied to 
the signal combiner 1022-2, and the other is applied to the phase shifter 505. 

[0082] The phase shifter 505 shifts the phase of the received signal applied from the splitter 503 by an amount of 9. 
ss The resultant phase-shifted signal is applied to the splitter 504 and split into two signals, one of the split signals output 
from the splitter 504 is applied to the signal combiner 1 022-3, and the other is applied to the coupler 502. 
[0083] The local signal LS is applied to the input terminal TIN2 of the coupler 502. 

[0084] The local signal LS input to the input terminal TIN2 is applied to the splitter 504 via the coupler 502, and a 
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part of the local signal LS Is applied to the signal combiner 1022-4. 

[0085] The local signal applied to the splitter 504 Is split into two signals. One of the split signals is applied to the 
signal combiner 1022-3, and the other is applied to the phase shifter 505. 

[0086] The phase shifter 505 shifts the phase of the local signal applied from the splitter 504 by an amount of 8. The 
resultant phase-shifted signal is applied to the splitter 503 and split into two signals. One of the split signals output 
from the splitter 503 is applied to the signal combiner 1 022-2, and the other is applied to the coupler 501 . 
[0087] Thus, the received signal Is applied to the signal combiner 1022-1; the received signal and the local signal 
shifted in phase by G are applied to the signal combiner 1 022-2; the received signal shifted in phase by 9 and the local 
signal are applied to the signal combiner 1 022-3; and the local signal is applied to the signal combiner 1 022-4. 
[0088] The muftiport IQ signal converter 1 025 converts the digital signals detected by the power detectors in accord- 
ance with predetermined circuit parameters including circuit parameters of the multiport junction circuits 1021-1 and 
1021 -2, so as to obtain a plurality of signal components contained in the original received signal or local signal, that 
is, the multiport IQ signal converter 1025 demodulates the digital signals detected by the power detectors into an in- 
phase signal (I) and a quadrature signal (Q). 

[0089] The detected signals P 1 to P k output from the power detectors 1 023-1 to 1 023-k are converted by the multiport 
IQ signal converter 1025 into demodulated signals, that is, the in-phase signal l(t) and the quadrature signaJ Q(t) in 
accordance with the following equation (1 ). 

Kt) = f,(P 1l P 2 ,...,P N ) 

Q(t) = f q (P 1 .P 2 ,..,P N ) (1) 

[0090] The local signal generator 1 03 generates the local signal LS with the predetermined frequency and supplies 
it to the multiport junctions circuits 1021-1 and 1021-2. 

[0091] When the local signal generator 103 generates the local signal LS, the local signal generator 103 controls 
the signal level in accordance with an output signal S1025 output from the multiport IQ signal converter 1025 and 
controls the frequency thereof In accordance with a regenerated signal S1 04 output from the carrier regenerator 1 04. 
[0092] The carrier regenerator 1 04 regenerates a carrier signal S104 in accordance with the demodulated signal 
output from the multiport IQ signal converter 1025 and supplies the resultant regenerated signal S104 to the local 
signal generator 1 03. 

[0093] The multiport junction circuit having the configuration described above operates as follows. 
[0094] The radio signal received by the antenna element 1011-1 of the phased array antenna 101 is supplied to the 
phase shifter 1014-1 after being passed through the preselect filter 1012-1 and the RF amplifier 1013-1 which are 
connected in cascade to the antennal element 1011-1, The phase shifter 1014-1 shifts the phase of the received signal 
by a predetermined amount and supplies the resultant signal to the multiport direct conversion demodulator 102. 
[0095] On the other hand, the radio signal received by the antenna element 1011-2 Is supplied to multiport direct 
conversion demodulator 1 02 after being passed through the preselect filter 1 012-2 and the RF amplifier 1 01 3-2 which 
are connected in cascade to the antennal element 1 011 -2. 

[0096] The multiport junction circuit 1021-1 generates at least two signals having a phase difference on the basis of 
the first received signal RS1 output from the phase shifter 1014-1 of the array antenna 101 and the local signal LS 
generated by the local signal generator 1 03. The resultant two signals are supplied to the signal combiners 1 022-1 to 
1022-k. 

[0097] The multiport junction circuit 1021-2 generates at least two signals having a phase difference on the basis of 
the second received signal RS2 output from the RF amplifier 1013-2 of the array antenna 101 and the local signal LS 
generated by the local signal generator 1 03. The resultant two signals are supplied to the signal combiners 1 022-1 to 
1022-k. 

[0098] Each of the signal combiners 1 022-1 to 1 022-k combines signals received from the respective multiport junc- 
tion circuits 1 021 -1 and 1 021 -2 and supplies the resultant combined signal to one of power detectors 1 023-1 to 1 023-k 
corresponding to the respective output terminals. 

[0099] The power detectors 1 023-1 to 1 023-k detect the amplitude components of the output signals output from the 
signal combiners 1 022-1 to 1 022-k and supply the resultant signals P1 to Pk to corresponding A/D converters 1 024-1 
to 1024-k. The A/D converters 1024-1 to 1024-k convert the supplied signals from analog form Into digital form and 
supply the resultant digital signals to the multiport IQ signal converter 1 025. 

[0100] The multiport IQ signal converter 1025 demodulates the supplied detected signals into signal components, 
that is, an in-phase signal I and a quadrature signal Q, contained in the original received signal, on the basis of the 
circuit parameters including the circuit parameters of the multiport junction circuits 1021-1 and 1021-2. The resultant 
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demodulated signal S1025 is supplied to the local signal generator 103 and the carrier regenerator 1 04. 

[0101] The carrier regenerator 104 regenerates a carrier signal with a frequency equal to that specified by the local 

signai generator 103. 

[0102] As described above, the receiver according to the first embodiment of the present invention includes the 

5 phased array antenna 101 and the multiport direct conversion demodulator 102. The phased array antenna 101 includes 
the antenna elements 1 01 1 -1 and 1 01 1 -2, wherein the preselect filter 1 01 2-1 , the R F amplifier 1013-1, and the phase 
shifter 1014-1 for shifts the phase of the signal received by the antenna element 1011-1 by a particular amount so that 
the phased array antenna has directivity are connected in cascade to the antenna element 1 01 1 -1 , and the preselect 
filter 1 01 2-1 and the RF amplifier 1 01 3-2 are connected in cascade to the antenna element 1 01 1 -2. The multiport direct 

10 conversion demodulator 102 includes the multiport junction circuit 1021-1 which is supplied with the local signal LS 
and the first received signal RS1 output from the phase shifter 1014-1 of the array antenna 101 and which generates 
two signals (high-frequency signals) having a phase difference on the basis of at least one of the supplied signals and 
outputs the first received signal RS1 , the local signal LS, and at least one of the generated signals; the multiport junction 
circuit 1 021 -1 which is supplied with the local signal LS and the second received signal RS2 output from the RF amplifier 

15 1013-2 of the array antenna 101 and which generates two signals (high-frequency signals) having a phase difference 
on the basis of at least one of the supplied signals and outputs the second received signal RS2, the local signal LS, 
and at least one of the generated signals; signal combiners 1 022-1 to 1022-k for combining the signals output from 
the output terminals of the multiport Junction circuits 1021-1 and 1021-2 and supplying the combined signals to the 
power detectors 1023-1 to 1023-k corresponding to the output terminals of the multiport junction circuits 1021-1 and 

20 1 021 -2; the power detectors 1 023-1 to 1 023-k for detecting the amplitude components of the signals output from the 
signal combiners 1022-1 to 1022-k and outputting the resultant signals as P1 to Pk; the A/D converters 1024-1 to 
1024-k for converting the detected signals P1 to Pk output from the power detectors 1023-1 to 1023-k from analog 
form into digital form; and the multiport IQ signal converter 1 025 for converting the digital signals detected by the power 
detectors in accordance with predetermined circuit parameters including circuit parameters of the multiport junction 

25 circuits 1021-1 and 1021-2, so as to obtain a plurality of signal components contained in the original received signal 
or local signal, that is, for demodulating the digital signals detected by the power detectors into an in-phase signal (I) 
and a quadrature signal (Q). Thus, the receiver constructed in the above-described manner according to the first em- 
bodiment of the present invention has the advantage that Information about the amplitudes of the signals received by 
the antenna elements is not lost and the directivity of the phased array antenna can be arbitrarily controlled. 

30 [01 03] Furthermore, use of the multiport demodulator including the power detectors makes it possible to expand the 
bandwidth of the receiver. This is useful in particular when a software radio communication technique is employed 
because this technique needs a multiband capability or a wide-band characteristic. In advanced radio communication 
techniques, there is a tendency to use a carrier at a higher frequency. The multiport demodulator can adapt to such a 
higher-frequency operation. 

35 [0104] In the multiport demodulator, because the power detectors operate in linear regions, low-distortion demodu- 
lation can be achieved using a low-power local signal. 

Second Embodiment 

40 [0105] Fig. 6 illustrates the construction of a receiver which includes a two-element phased array antenna and which 
performs demodulation by means of multiport direct conversion, according to a second embodiment of the present 
Invention. 

[0106] As shown in Fig. 6, the receiver 200 includes a phased array antenna 201, a multiport direct conversion 
demodulator 202, a local signal generator 203, a carrier regenerator 204, a switching circuit (SPDTRF switching circuit) 
45 205, and a controller 206. 

[01 07] The phased array antenna 201 Includes two antenna elements 201 1-1 and 201 1 -2, two preselect filters 201 2-1 
and 2012-2, two RF amplifiers 2013-1 and 2013-2, and one phase shifter 2014-1 . 

[0108] In the phased array antenna 201 , the preselect filter 2012-1 , the RF amplifier 2013-1 , and the phase shifter 
2014-1 are connected in cascade with the antenna element 2011-1 , and the preselect filter 2012-2 and the RF amplifier 
so 201 3-2 are connected in cascade with the antenna element 201 1 -2. Furthermore, the output of the phase shifter 201 4-1 
and the output of the RF amplifier 201 3-2 are connected to the multiport direct conversion demodulator 202 such that 
a signal out from the phase shifter 201 4-1 and a signal output from the RF amplifier 201 3-2 are supplied to the multiport 
direct conversion demodulator 202. 

[0109] The variable gain RF amplifier 2013-1 amplifies the signal received by the antenna element 2011-1 by an 
55 amplification factor (gain) corresponding to a control signal CTL1. The resultant amplified signal is supplied to the 
phase shifter 2014-1 . 

[0110] The variable gain RF amplifier 2013-2 amplifies the signal received by the antenna element 2011-2 by an 
amplification factor (gain) corresponding to the control signal CTL1. The resultant amplified signal is supplied to the 
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multiport direct conversion demodulator 202. 

[0111] The phase shifter 201 4-1 shifts the phase of the signal received by the antenna element 2011-1 by an amount 

corresponding to a control signal CTL2 so as to make the phased array antenna have directivity. 

[01 1 2] In the phased array antenna 201 , the sign al received by the antenna element 201 1-1 is supplied to the multiport 

s direct conversion demodulator 202 after being passed through the preselect filter 201 2-1 , the variable gain RF amplifier 
2013-1, and the phase shifter 2014-1, which are connected in cascade to the antenna element 2011-1. The signal 
received by the antenna element 2011-2 Is supplied to the multiport direct conversion demodulator 202 after being 
passed through the preselect filter 2012-2 and the variable gain RF amplifier 201 3-2 which are connected in cascade 
to the antenna element 201 1-2. 

10 [0113] The multiport direct conversion demodulator 202 includes two multiport junction circuits (N-port junction cir- 
cuits where N is an integer equal to or greater than 4) 2021 -1 and 2021 -2, signal combiners 2022-1 to 2022-L (L = N 
- 2), three or more power detectors (PDs) 2023-1 to 2023-K (K = N - 1 ), A/D converters (ADCs) 2024-1 to 2024-K, and 
a multiport IQ signal converter 2025. 

[0114] The multiport junction circuit 2021-1 includes a first input terminal TIN21 and a second input terminal TIN22, 
is wherein a first received signal RS1 Is applied to the first input terminal TIN21 from the phase shifter 201 4-1 ofthe array 
antenna 201 , and the second Input terminal TIN22 is connected to a switching circuit 205 such that a local signal LS 
Is supplied to the second input terminal TIN22 or the second Input terminal TIN22 Is grounded via a resistor R201 , 
whereby the multiport Junction circuit 2021-1 receives both the first received signal RS1 and the local signal LS or only 
the first received signal RS1 , and the mulliport junction circuit 2021 -1 generates two signals having a phase difference. 
20 The generated signals, the first received signal RS1 , the local signal LS are output from the multiport junction circuit 
2021 -1 to the power detector 2023-2 and the signal combiners 2022-1 to 2022-L. 

[0115] The switching circuit 205 has a first terminal a connected to the output terminal of the local signal generator 
203; a second terminal b connected to a ground potential GND via the resistor R201 ; and a third terminal c connected 
to the second input terminal TIN22 ofthe multiport junction circuit 2021 -1 . As will be described later, when demodulation 
25 is performed to obtain IQ signals, the third terminal c is connected to the first terminal a, whereas when the amplitude 
of the received signal and the amount of phase shift created by the phase shifter 2014-1 are determined, the third 
terminal c is connected to the second terminal b. 

[0116] The muitiportjunction circuit 2021-2 has a first input terminal TIN21 and a second inputterminalTIN22, where- 
in a second received signal RS2 is supplied to the first input terminal TIN21 from the RF amplifier 2013-2 of the array 
30 antenna 201, and the second input terminal TIN22 is grounded via a resistor R202. In response to receiving the second 
received signal RS1 and the ground voltage, the multiport junction circuit 2021 -2 generates two signal having a phase 
difference. The generated signals are the second received signal RS2 are output from the multiport junction circuit 
2021 -2 to the power detector 2023-1 and the signal combiners 2022-1 to 2022-L. 

[0117] That is, each of the muitiportjunction circuits 2021-1 and 2021-2 has two input terminals and at least one 
35 output terminal, and thus each muitiportjunction circuit operates as a n- oort (multiport) circuit wherein n is equal to the 
sum of number of input terminals and the output terminals. 

[0118] The signals output from the respective two muitiportjunction circuits 2021-1 and 2021-2 are supplied to the 
signal combiners 2022-1 to 2022-L such that the output signals output from similar output terminals are supplied to 
the same signal combiner. A first outputterminal of the multiport ju nction circuit 2021-1 is connected to the input terminal 
40 of the power detector 2023-2, and a first output terminal of the multiport junction circuit 2021-2 is connected to the 
input terminal of the power detector 2023-1 . 

[01 19] Each of the signal combiners 2022-1 to 2022-L combines signals received from the respective muitiportjunc- 
tion circuits 2021 -1 and 2021 -2 and supplies the resultant combined signal to one of power detectors 2023-3 to 2023-K 
corresponding to the respective output terminals. 
45 [0120] The power detector 2023-1 detects the amplitude component of the signal output from the muitiportjunction 
circuit 2021 -2 and supplies a resultant detected signal P0 to the A/D converter 2024-1 . 

[0121] The power detector 2023-2 detects the amplitude component of the signal output from the muitiportjunction 
circuit 2021 -1 and supplies a resultant detected signal P1 to the A/D converter 2024-2. 

[0122] The power detectors 2023-3 to 2023-K (corresponding to a third power detector according to the present 
so Invention) detectthe amplitude components ofthe signals output from the respective signal combiners 2022-1 to 2022-L 

and supply resultant detected signals P2 to PL-1 to the A/D converters 2024-3 to 2024-K, respectively. 

[01 23] The A/D converter 2024-1 converts the detected signal PO output from the power detector 2023-1 from analog 

form into digital form and supplies the resultant digital signals to the multiport IQ signal converter 2025. 

[01 24] The A/D converter 2024-2 converts the detected signal P1 output from the power detector 2023-2 from analog 
55 form into digital form and supplies the resultant digital signal to the multiport IQ signal converter 2025. 

[0125] The A/D converters 2024-3 to 2024-K convert the detected signals P2to PL-1 output from the power detectors 

2023-3 to 2023-K from analog form into digital form and supply the resultant digital signals to the multiport IQ signal 

converter 2025. 
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[0126] Specific examples of configurations of the multiport (N-port, N = 4 to 6) junction circuit 2021 are described 
below. 

[0127] One of the configurations described earlier with reference to Fig. 3,4, or 5, according to the first embodiment, 
may be applied to the multiport (N-port) multiport junction circuit 2021 . 
5 [0128] Another example of the configuration of the 5-port junction circuit is described below with reference to Fig. 7. 
[0129] The circuit configuration of the 5-port junction circuit 2021 A shown in Fig. 7 is similar to that shown in Fig. 4 
except that the coupler is replaced with a splitter. 

[0130] More specifically, the 5-port junction circuit 2021 A includes, as shown in Fig. 7, a first signal input terminal 
TIN21 for inputting the received signal, a second signal input terminal TIN22 for inputting the local signal, a first splitter 

10 601 , a second splitter 602, a third splitter 603, a first phase shifter 604, and a second phase shifter 605. 

[0131] The first splitter 601 includes a first terminal a, a second terminal b, and a third terminal c. The first terminal 
an is connected to the first signal input terminal TIN21 so that the received signal Sr applied to the first terminal an is 
split into two signals and output from the second terminal b and the third terminal c. On the other hand, a signal applied 
to the second terminal b is split into two signals and output from the first terminal an and the third terminal c. The third 

is terminal c of the first splitter 601 is connected to the input terminal of the first power detector 606. 

[0132] As shown in Fig. 7, the first splitter 601 has a circuit configuration formed of resistors R601 to R603. In this 
first splitter 601 , the resistor R601 is connected between the first terminal an and the second terminal b, the resistor 
R602 Is connected between the first terminal an and the third terminal c, and the resistor R603 Is connected between 
the second terminal b and the third terminal c. 

20 [0133] The second splitter 602 includes a first terminal a, a second terminal b, and a third terminal c. A signal applied 
to the first terminal an is split into two signals and output from the second terminal b and the third terminal c. On the 
other hand, a signal applied to the second terminal b is split Into two signals and output from the first terminal an and 
the third terminal c. The third terminal c of the second splitter 602 is connected to the input terminal of the second 
power detector 607. 

25 [0134] The second splitter 602 has a circuit configuration formed of resistors R604 to R606. in this second splitter 
602, the resistor R604 is connected between the first terminal an and the second terminal b, the resistor R605 is 
connected between the first terminal an and the third terminal c, and the resistor R606 is connected between the second 
terminal b and the third terminal c. 

[0135] The third splitter 603 includes a first terminal a, a second terminal b, and a third terminal c. The first terminal 
30 . an is connected to the second signal input terminal TIN22 so that the local signal SO applied to the first terminal an is 

split into two signals and output from the second terminal b and the third terminal c. On the other hand, a signal applied 

to the second terminal b is split into two signals and output from the first terminal an and the third terminal c. The third 

terminal c of the third splitter 603 is connected to the input terminal of the third power detector 608. 

[0136] The third splitter 603 has a circuit configuration formed of resistors R607 to R609. In this third splitter 603, 
35 the resistor R607 is connected between the first terminal an and the second terminal b, the resistor R609 is connected 

between the first tenminai an and the third terminal c, and the resistor R608 is connected between the second terminal 

b and the third terminal c. 

[0137] The first phase shifter 604 has a first terminal an and a second terminal b, wherein the first terminal an is 
connected to the second terminal b of the first splitter 601 , and the second terminal b is connected to the first terminal 

40 an of the second splitter 602, whereby a signal applied to the first terminal is shifted in phase and output from the 
second terminal b, and a signal applied to the second terminal b is shifted In phase and output from the first terminal a. 
[0138] The first phase shifter 604 is formed in a jt-type LC phase shifter configuration consisting of an inductor L601 
and a capacitors C601 and C602. In this first phase shifter 604, the inductor L601 Is connected between the first 
terminal an and the second terminal b, the capacitor C601 is connected between the first terminal an and the ground 

45 potential GND, and the capacitor C602 Is connected between the second terminal b and the ground potential GND. 
[0139] The second phase shifter 605 has a first terminal an and a second terminal b, wherein the first terminal an Is 
connected to the second tenminai b of the second splitter 602, and the second terminal b is connected to the second 
terminal b of the third splitter 603, whereby a signal applied to the first terminal is shifted in phase and output from the 
second terminal b, and a signal applied to the second terminal b is shifted in phase and output from the first tenminai a. 

so [0140] The second phase shifter 605 is formed in a Tt-type LC phase shifter configuration consisting of an inductor 
L602 and a capacitors C603 and C604. In this second phase shifter 605, the inductor L602 is connected between the 
first terminal an and the second terminal b, the capacitor C603 is connected between the first terminal an and the 
ground potential GND, and the capacitor C604 is connected between the second terminal b and the ground potential 
GND. 

55 [0141] Herein, the term "5-port" is used because there are a total of five ports including two ports of the first and 
second input terminals TIN21 and TIN22 for inputting the received signal and the local signal, respectively, and further 
three ports of the output terminals, that is, the output terminal (third terminal c), connected to the first power detector 
606, of the first splitter 601 , the output terminal (third terminal c), connected to the second power detector 607, of the 
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second splitter 602, and the output terminal (third terminal c), connected to the third power detector 608, of the third 
splitter 603. 

[0142] In this 5-port junction circuit configured in the above-described manner, the received signal RS(t) is input to 
the first signal input terminal TIN21 , wherein RS(t) denotes a voltage at the input terminal TIN21 at a time t. The received 

s signal RS(t) is applied to the first terminal an of the first splitter 601 and split into two signals. One of the split two 
signals is supplied to the first power detector 606 from the third terminal c. The other one of the split two signals is 
output from the second terminal b of the first splitter 601 to the first terminal an of the first phase shifter 604. The first 
phase shifter 604 shifts the phase of the applied signal by 6 and outputs the resultant signal from its second terminal 
b to the first terminal an of the second splitter 602. 

10 [0143] The second splitter 602 splits the applied signal into two signals. One of the split two signals is supplied to 
the second power detector 607 from the third terminal c. The other one of the split two signals is output from the second 
terminal b of the second splitter 602 to the first terminal an of the second phase shifter 605. The second phase shifter 
605 shifts the phase of the applied signal by 6 and outputs the resultant signal from its second terminal b to the second 
terminal b of the third splitter 603. The third splitter 603 splits the applied signal into two signals, one of which is supplied 

is to the third power detector 608 and the other is supplied to the second signal input terminal TIN22. 

[0144] On the other hand, the local signal LS(t) is input to the second signal input terminal TIN22, wherein LS(t) 
denotes a voltage at the input terminal TIN22 at a time t. The local signal LS(t) Is applied to the first terminal an of the 
third splitter 603 and split Into two signals, one of which is supplied to the third power detector 608. and the other is 
supplied to the second terminal b of the phase shifter 605. The second phase shifter 605 shifts the phase of the applied 

20 signal by G and outputs the resultant signal from its first terminal a to the second terminal b of the second splitter 602. 
[01 45] The second splitter 602 splits the applied signal into two signals, one of which is supplied to the second power 
detector 607, and the other is supplied to the first phase shifter 604. The first phase shifter 604 shifts the phase of the 
applied signal by 6 and outputs the resultant signal from its first terminal a to the second terminal b of the first splitter 
601 . The signal applied to the first splitter 601 is split into two signals, one of which is supplied to the first power detector 

25 606, the other is supplied to the first signal input terminal TIN21 . 

[0146] Thus, the input terminal of the first power detector 606 is supplied with the vector sum of the received signal 
RS(t) and the local signal LS(t) shifted in phase by 8 t + ^ Thefirst powerdetector 606 detects the amplitude component 
of the supplied signal and outputs the result as a detected signal P1 . 

[0147] Similarly, the input terminal of the second power detector 607 is supplied with the vector sum of the received 
30 signal RS(t) and the local signal LS(t) shifted in phase by G. The second power detector 607 detects the amplitude 
component of the supplied signal and outputs the result as a detected signal P2. 

[01 48] The input terminal of the first power detector 608 is supplied with the vector sum of the received signal RS(t> 
shifted in phase by Q A + G 2 and the local signal LS(t). The third power detector 608 detects the amplitude component 
of the supplied signal and outputs the result as a detected signal P3. 

35 [0149] This 5-port junction circuit, having the splitter 601 employed instead of the coupler, has advantages not only 
in terms of the wide bandwidth and the low local signal power but also in terms of the low distortion and the low power 
dissipation. The 5-port junction circuit has a further advantage in that a receiver can be realized whose characteristics 
do not change for a long time without being influenced by a temperature variation . Another advantage is that the 5-port 
junction circuit can be formed in a simple circuit configuration Including a small number of circuit elements. 

40 [0150] Fig. 8 illustrates another example of the circuit configuration of the 5-port junction circuit. 

[0151] This 5-port junction circuit 2021 B differs from that shown In Fig, 7 in that the phase shifter 604 in the circuit 
shown in Fig. 7 Is replaced with an active isolator 606 which transfers a signal only in a forward direction from the first 
splitter 601 to the second splitter 602. 

[0152] Except for the isolation between the first splitter 601 and the second splitter 602, the 5-port junction circuit 
45 shown In Fig. 8 is similar to that shown in Fig. 7, and thus similar parts are not described herein in further detail. 

[0153] In the first IQ signal demodulation process during which the first terminal an and the third terminal c of the 
switching circuit are connected to each other, the multiport IQ signal converter 2025 converts the digital detected signals 
output from the power detectors in accordance with predetermined circuit parameters including circuit parameters of 
the multiport junction circuits 2021-1 and 2021-2, so as to obtain a plurality of signal components contained in the 
50 original received signal or local signal, that is, the multiport IQ signal converter 2025 demodulates the digital detected 
signals output from the power detectors into an in-phase signal (I) and a quadrature signal (Q). 
[0154] The detected signals P., to P k output from the power detectors 2023-1 to 2023-k are converted by the multiport 
IQ signal converter 2025 into demodulated signals, that is, the in-phase signal l(t) and the quadrature signal Q(t) in 
accordance with the following equation (2). 

55 

l(t)=f,(Pi,P 2 P N ) 
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Q<t) = f q <Pi.P 2 --P N ) (2) 

[01 55] When the second terminal b and the third terminal c of the switching circuit are connected to each other, the 
5 multiport IQ signal converter 2025 determines the amplitude of the receive signal and also determines the phase shift 
of the phase shifter as described below. 

[0156] The local signal generator 203 generates the local signal LS with the predetermined frequency and supplies 
it to the first terminal an of the switching circuit 205. 

[0157] When the local signal generator 203 generates the local signal LS, the local signal generator 203 controls 
10 the signal level (amplitude) in accordance with an output signal S2025a output from the multiport IQ signal converter 
2025 and controls the frequency thereof in accordance with a regenerated signal S204 output from the carrier regen- 
erator 204. 

[0158] The carrier regenerator 204 regenerates a carrier signal S204 in accordance with the demodulated signal 
output from the multiport IQ signal converter 2025 and supplies the resultant regenerated signal S204 to the local 
15 signal generator 203. 

[0159] In response to receiving a signal S2025b from the multiport IQ signal converter 2025, the controller supplies 
a control signal CTL1 to the RF amplifiers 2013-1 and 2013-2 to control the amplification factors (gains) thereof. 
[01 60] Similarly, in response to receiving a signal S2025b from the multiport IQ signal converter 2025, the controller 
supplies a control signal CTL2 to phase shifter 2014-1 to control the amount of phase shift created thereby. 
[0161] The details of the operations performed by the multiport IQ signal converter 2025 to determine the amplitude 
of the received signal and to determine the phase shift created by the phase shifter, and the IQ signal demodulation 
process are described below. 

[01 62] In the following explanation, for the purpose of simplicity, it is assumed that the multiport junction circuit is of 
the 5-port type. 

25 [01 63] When the amplitude of the received signal andthe phase shift of the phase shifter are determined, as described 
above, the third terminal c and the second terminal b of the switching circuit 205 are connected to each other, and the 
second terminal TIN22 of the multiport junction circuit 2021 -1 is grounded. 

[0164] At a time t, a received signal S H (t) represented In an equation shown below is applied to the multiport junction 
circuits 2021-1 and 2021 -2 connected to the respective antenna elements 2011-1 and 2011-2. Herein, S ri (t) is a mod- 
30 ulation signal whose phase and amplitude are modulated according to information. Because the frequency is the rate 
of change in phase, S ri (t) may be a frequency modulation signal. 



20 
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S rl (t)=A rl d exp(j(co 0 t+<£> ri )> 
= A ri (d cos<S> ri + jd sin<S> ri )exp(ju> c t) 

= A ri (l ri +jQ ri )exp(ju> c t) (3) 

where denotes the mean voltage amplitude of a signal received by a /th antenna element, d, denotes the amplitude 
of the signal received by the /th antenna element, <D ri denotes the phase of the signal received by the Ah antenna 
element, and o> c denotes the angular frequency of the carrier. Furthermore, the following equations hold. 

45 l ri = d cos0> ri (4) 

Q ri = dsin<D ri (5) 



50 
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m = |o r1 - ^ (6 ) 

[01 65] The voltages v 0 , v 1 , v 2 , and v 3 input to the power detectors 2023-1 , 2023-2, 2023-3, and 2023-4, respectively 
are represented as follows: 

v 0 = k 111 S r1 (t) (7) 
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vi - knaS^tt) 



s v 2 = ka^SrtWoxpHe^) + ^^S^ttJexpHB^) (9) 

v 3 = fc311 S rtW ex P(-K e H + 8 1l)> 

10 + ka^S^CQexpHte^ + e 22 )) (1 o) 

In the above equations, k nmj denotes a voltage transfer factor from a terminal m to a terminal n of the 5-port junction 
circuit connected to an antenna element M , and 6j, denotes the phase shift of a yth phase shifter in the 5-port junction 
circuit connected to the antenna element i1 . 

[0166] The voltage of a baseband output signal of a power detector is given by the following equation: 



15 



20 



25 



P N = C N |V N | 2 (11) 

where C N denotes a factor associated with a power detector. Thus, the voltages of the baseband output signals of the 
respective power detectors 2023-1 , 2023-2, 2023-3, and 2023-4 are given by the following equations: 

P 0 = C 0 [k l11 S r1 (t)| 2 (12) 
p i= c l| k n 2 S*(t)| 2 (13) 
30 P 2 = Cglkg^S^WexpHG^) + k 212 S^(t)e)qD(-je 12 )| 2 (14) 

P 3 = C 3 |k 311 S r1 (t)exp(-J(e 11 + B 21 » + kg^SrfjflexpW^a + e^))) 2 (15) 

35 

[0167] In the present embodiment, It is assumed that the Sport junction circuits 2021-1 and 2021 -2 have the same 
characteristic and have a symmetric structure such thatthe structure becomes similar for each of the two input terminals. 
From the above assumption, the following relationships hold: k^, = k 32J = k in ; k 21 , = k 22I = k 21 ; k 31) = k 12 , = k 12 ; and 
G h = e 2j = G. The three power detectors are equal in configuration, and hence C = C, = C 2 = C 3 . 
40 [0168] Of the outputs of the A/D converters 2024-1 to 2024-K, the output P 0 of the A/D converter 2024-1 represents 
the output power of the signal received by the first antenna element 2011-1 , and the output P., of the A/D converter 
2024-2 represents that received by the antenna element 2011 -2. 

[0169] In response to receiving a signal S2025b, the controller 206 outputs the control signal CTL1 to the RF ampli- 
fiers 2013 and 2013-2 thereby controlling the amplification factors of the RF amplifiers 2013-1 and 2013-2 such that 
^ the following equation holds. 

Pq=Pi (16) 

50 [0170] When two multiport junction circuits 2021-1 and 2021-2 are the same in structure and characteristics, the 
following equation holds. 
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a*-(a*"-te)* 

= | A + exp(j<fr)| ( 17 ) 

= \fc> + A exp(- j<j))| 



where k nml denotes a voltage transfer factor from a terminal m to a terminal n of the multiport junction circuit, and |<p| 
denotes the phase difference between the signals received by the 2-element antenna at the inputs of the signal com- 
*5 biner. From equations (17), <p can be represented using P 0 , P.,, and P 2 as follows: 



(k 21 ) 2 (P 0 + 



2(k 2 / 2 ^ 1 (18) 



[0171] l<pl can be calculated from the above equation. In response to receiving the signal S2025b, the controller 206 
25 outputs the control signal CTL2 to the phase shifter 2014-1 to controls the phase shift of the phase shifter 2014-1 so 
as to the cancel the above phase difference and such that the following equation holds. 

(^ 1 ) 2 P 2 = 4P 0 = 4P 1 (19) 
30 K 21 

[0172] I <pl can be calculated more accurately by taking into account a change in loss caused by a change in the 
phase shift of the phase shifter. That is, because P 1 is a function of tp, a term a(q>) for correcting the change due to the 
phase shift is employed as shown in the following equation. 

35 

( !^ )2p 2 = P ° + a W p W + 2>(« p oPiW> cos * (20) 

40 [0173] The operation of the multiport IQ signal converter 2025 during the demodulation of the received signal is 
described below. 

[0174] In the demodulation process, the third terminal c and the first terminal an of the switching circuit 205 are 
connected to each other so that the local signal LS generated by the local signal generator 203 is supplied to the 
second terminal TIN22 of the multiport junction circuit 2021 -1 . 
45 [0175] The terminal voltage S^t) at a time t Is given by the following equation: 

S 1 (t> = A 1 expa<o c t)) (21) 

so [0176] The input voltages v 0 , v 1f v 2 and v 3 of the respective power detectors 2023-1 , 2023-2, 2023-3 and 2023-4 
are given by the following equations: 



v 0 = k„ S r1 (t) + ^aS, (t)exp(-j(2G)) (22) 
Vi-kuStfO) (23) 



15 



10 



EP1 215 814 A2 

v 2 = k 21 S M (t)exp(-j9) + k^S, (t)exp(-je) 

+ k 2 i s ^Wexp(-je) (24) 

v 3 - k 31 S r1 (l)exp(-j(e+e)) + kagS^t) 

+ k 31 S [2 (t)exp(-j(e+e)) (25) 

[01 77] Thus, the voltages of the baseband output signals of the respective power detectors 2023-1 , 2023-2, 2023-3 
and 2023-4 are represented by the following equations: 

15 P 0 = CjkuSrtW + k^S^tJexpt-KSO))! 2 (26) 

p i=C|knSr2(t>| 2 (27) 

20 

P 2 = C|k 21 S r1 (t)exp(-j8) + k^WexpHe) + k^S^expHG)) 2 (28) 

P 3 = C|k 31 S r1 (t)exp(-J(2e)) + k^S^t) + ^^^(Dexp^G))! 2 (29) 

[0178] If the controlled average power is denoted by A rt = = A-j , then equations (1 7), (1 8), (1 9), and (20) can be 
rewritten as follows: 

30 Pfl 2 9 9 9 9 9 

-^ = k 11 ii A 1 ^ + k 1 2 A/ + 2k 11 k 12 A^ dcos^ +26) (30) 
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J^k^Vd 2 (31) 



P 

4k 21 2 A l 2 d 2 + k 12 2 A., 2 + 4k 1l k 12 A 1 2 d cos (0> r1 ) (32) 



p 

-^«4k 81 a A l 2 d 2 + k 12 2 A 1 2 + 4k 11 k 12 A 1 2 dcos(4> r1 -29) (33> 

[0179] The baseband output signals P 1f P 2 ,and P 3 represented by equations (30), (31), (32), and (33) are converted 
by the muitiport IQ signal converter 2025 by means of functions represented by equations (34) and (35) into an in- 
phase signal l(i) and a quadrature signal Q(t) and thus demodulated signals are obtained. 

so !(t) = ha, + 2h h (P 0 + P,) + h l2 P 2 + h^Pa (34) 

Q(t) = h^ + 2h q1 (P 0 + P,) + h q2 P 2 + h q3 P 3 (35) 

55 

In the above equations, h i0 , h h , h, 2 , h q0 , h q1 , h q3 , and satisfy the following conditions: 



EP 1 215 814 A2 



10 K 21 



h 1 

h qO =" 5 

* 2 sin^ejA., 2 

15 2 2 

K 11 " K 12 



25 



30 



40 



h l0 =0 (36) 



h l1 = h l3 = 5 5 (37) 

-2( K11 - k 12 ) 2 cos(29)A 1 2 



2 2 
K 11 + 

h B --h M — — ~ (38) 



K 11 K 12( 2K 11 K 12 cos (2e) - k^ 2 - k 12 2 ) 



20 = ^ 

q 2sin(2e)A 1 2 

2 

K 12 - K^K 12 C0S(2G) 



k 11 k 12( 2k 11 k 12 COS(20) - Kl1 2 - K 12 2 ) 



h~- 1 



* 2sin(2e)A 1 2 
( K 11 2 " K 12 2 ) C0S(26) 



K 21 2 ( 2K 11 K 12 COS(29) - K11 2 - K 12 2 ) 



35 2sin(26)A 1 e 

K 11 K 12 cos(29)-k 11 2 



(39) 



(40) 



(41) 



(42) 



K 11 K 12( 2K 11 K 12 c ^(29) - - K 12 ) 

K IJ " C 7^g (43) 



[0180] As described above, using the circuit according to the present invention, the demodulated signals I and Q 
can be obtained from the received signal. 

45 [0181] The receiver according to the second embodiment includes, as described above, the phased array antenna 
201 , the multiport direct conversion modulator 202, and the switching circuit 205. In the phased array antenna 201 , 
the preselect filter 201 2-1 , the RF amplifier 201 3-1 , and the phase shifter 201 4-1 for shifting the phase of the received 
signal by a predetermined amount so that the phased array antenna has directivity are connected in cascade to the 
antenna element 201 1 -2, and the preselect filter 201 2-2 and the RF amplifier 201 3-2 are connected in cascade to the 

so antenna element 2022-2. The multiport direct conversion demodulator includes the multiport junction circuit 2021 -1 
which is supplied with the local signal LS and the first received signal RS1 output from the phase shifter 201 4-1 of the 
array antenna 201 or supplied with only the first received signal RS1 and which generates two or more signals (high- 
frequency signals) having a phase difference on the basis of at least one of the supplied signals and outputs the first 
received signal RS1 , the local signal LS, and at least one of the generated signals; the multiport junction circuit 2021 -2 

55 which is supplied with the second received signal RS2 output from the RF amplifier 2013-2 of the array antenna 201 
and which generates two or more signals having a phase difference and outputs the generated signals; signal combiners 
2022-1 to 2022-L for combining the signals output from the output terminals of the multiport junction circuits 2021 -1 
and 2021 -2 and supplying the combined signals to the power detectors 2023-3 to 2023-K corresponding to the output 
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terminals of the multiport junction circuits 2021-1 and 2021-2; the power detectors 2023-1 to 2023-K for detecting the 
amplitude components of the signals output from the signal combiners 2022-1 to 2022-L and outputting the resultant 
signals as P0 to Pk; the A/D converters 2024-1 to 2024-K for converting the detected signals P0 to Pk output from the 
power detectors 2023-1 to 2023-K from analog form into digital form; the multiport IQ signal converter 2025 for con- 

s verting the digital signals detected by the power detectors in accordance with predetermined circuit parameters includ- 
ing circuit parameters of the multiport junction circuits 2021 -1 and 2021 -2, so as to obtain a plurality of signal compo- 
nents contained in the original received signal or local signal, that is, for demodulating the digital signals detected by 
the power detectors into an in-phase signal (I) and a quadrature signal (Q) and also for determining the amplitudes of 
the received signals and the phase shift created by the phase shifter; and the switching circuit 205 for supplying the 

10 local signal LS to the second input terminal TIN22 of the multiport junction circuit 2021 -1 during the IQ signal demod- 
ulation process and for grounding the second input terminal TIN22 of the multiport junction circuit 2021-1 during the 
process of determining the amplitudes of the received signals and the phase shift of the phase shifter. 
[0182] Thus, the receiver constructed in the above-described manner according to the second embodiment of the 
present invention has the advantage that information about the amplitudes of the signals received by the antenna 

*s elements is not lost and the directivity of the phased array antenna can be arbitrarily controlled. 

[01 83] Furthermore, use of the multiport demodulator including the power detectors makes it possible to expand the 
bandwidth of the receiver. This Is useful in particular when a software radio communication technique Is employed 
because this technique needs a multiband capability or a wide-band characteristic. In advanced radio communication 
techniques, there is a tendency to use a carrier at a higher frequency. The multiport demodulator can adapt to such a 

20 higher-frequency operation. 

[0184] In the multiport demodulator, because the power detectors operate in linear regions, low-distortion demodu- 
lation can be achieved using a low-power local signal. 

[01 85] Because the amount of phase shift and the amplitude amplification factors necessary to control the directivity 
of the phased array antenna are calculated directly from the received signal, it is not required to perform calibration 
25 for each antenna element, and thus it is possible to reduce the cost of the receiver. Furthermore, it is possible to 
minimize the change in characteristic of the receiver due to changes in characteristics of the antenna elements caused 
by a temperature change or an aging effect. 

[0186] As described above, embodiments of the present invention provide the great advantage that information of 
the amplitudes of the signal received by the antenna elements is not lost and the directivity of the phased array antenna 

30 can be arbitrarily controlled. 

[01 87] Furthermore, use of the multiport demodulator including the power detectors makes it possible to expand the 
bandwidth of the receiver. This is useful in particular when a software radio communication technique is employed 
because this technique needs a multiband capability or a wide-band characteristic. In advanced radio communication 
techniques, there is a tendency to use a carrier at a higher frequency. The multiport demodulator can adapt to such a 

35 higher-frequency operation. 

[0188] In the multiport demodulator, because the power detectors operate in linear regions, low-distortion demodu- 
lation can be achieved using a low-power local signal. 

[01 89] Because the amount of phase shift and the amplitude amplification factors necessary to control the directivity 
of the phased array antenna are calculated directly from the received signal, it is not required to perform calibration 
*o for each antenna element, and thus it is possible to reduce the cost of the receiver. Furthermore, it is possible to 
minimize the change in characteristic of the receiver due to changes in characteristics of the antenna elements caused 
by a temperature change or an aging effect. 



45 Claims 

1 . A receiver comprising: 

a phased array antenna comprising first and second antenna elements for receiving a radio signal; and a 
50 phase shifter for shifting, by a predetermined amount, the phase of a signal received by the first antenna 

element; 

a local signal generator for generating a local signal with a predetermined frequency; and 
a direct conversion demodulator comprising: 

55 first generating means which is supplied with the received signal output from the phase shifter of the 

phased array antenna and the local signal generated by the local signal generator and which generates 
two signals different in phase on the basis of at least one of the supplied signals and outputs at least one 
of the generated signals; 
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second generating means which is supplied with the received signal output from the second antenna 
element of the phased array antenna and the local signal generated by the local signal generator and 
which generates two signals different in phase on the basis of at least one of the supplied signals and 
outputs at least one of the generated signals; 

at least one signal combiner for combining corresponding signals output from the first generating means 
and the second generating means; 

at least one power detector for detecting the signal level of a signal output from the signal combiner; and 
a converter for converting the signal output from the power detector on the basis of a predetermined 
parameter so as to obtain a plurality of signal components contained in the received signal or the local 
signal. 

A receiver according to Claim 1 , wherein each of the first and second generating means includes a plurality of 
signal output terminals, and signals output from the first and second generating means are applied to the signal 
combiners such that the signals output from the output terminals which are similar in structure are applied to the 
same one of the signal combiners. 

A receiver according to Claim 1 , wherein the phased array antenna comprises first and second amplifiers for 
amplifying the signals received by the first and second antenna elements by predetermined amplification factors. 

A receiver according to Claim 1 , wherein the local signal generator sets the level of the local signal In accordance 
with the output signal of the converter. 

A receiver according to Claim 1 , further comprising a regenerator for regenerating a carrier signal in accordance 
with the conversion signal output from the converter such that the carrier signal has the same frequency as that 
output from the local signal generator. 

A receiver comprising: 

a phased array antenna comprising first and second antenna elements for receiving a radio signal; first and 
second amplifiers for amplifying signals received by the first and second antenna elements, respectively, by 
predetermined amplification factors; and a phase shifter for shifting, by a predetermined amount, the phase 
of the signal received by the first antenna element; 

a local signal generator for generating a local signal with a predetermined frequency; 
a direct conversion demodulator comprising: 

first generating means which is supplied with the received signal shifted in phase by the phase shifter of 
the phased array antenna and the local signal generated by the local signal generator during a signal 
demodulation process and which is supplied, at a predetermined time not during the signal demodulation 
process, with the received signal shifted in phase by the phase shifter of the phased array antenna, thereby 
generating a plurality of signals which are different in phase; 

second generating means which is supplied with the received signal output from the second amplifier of 
the phased array antenna and which generates a plurality of signals different in phase; 
a first power detector for detecting the level of a signal output from the first generating means; 
a second power detector for detecting the level of a signal output from the second generating means; 
at least one signal combiner for combining corresponding signals output from the first generating means 
and the second generating means, except for output signals applied to the first and second power detec- 
tors; 

at least one third power detector for detecting the signal level of a signal output from the signal combiner; 
and 

a converter for, during the signal demodulation process, converting the output signals of the first, second, 
and third power detectors so as to obtain a plurality of signal components contained in the received signal 
or the local signal in accordance with a predetermined parameter, and, at a predetermined time not during 
the signal demodulation process, determining the amplification factors of the first and second amplifiers 
in accordance with the output signals of the first and second power detectors so that a predetermined 
condition is satisfied. 

A receiver according to Claim 6, wherein the converter determines the amplification factor such that P 0 = P 1 where 
P 0 Is the output signal power of the first power detector and P 1 is the output signal power of the second power 
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detector. 

8. A receiver according to Claim 6. further comprising a controller for controlling the first and second amplifiers such 
that the first and second amplifiers have amplification factors equal to those determined by the converter. 

9. A receiver according to Claim 7, further comprising a controller for controlling the first and second amplifiers such 
that the first and second amplifiers have amplification factors equal to those determined by the converter. 

10. A receiver according to Claim 6, wherein signals output from the first and second generating means are applied 
to the signal combiners such that the signals output from the output terminals which are similar in structure are 
applied to the same one of the signal combiners. 

1 1. A receiver according to Claim 6, wherein the local signal generator sets the level of the local signal in accordance 
with the output signal of the converter. 

12. A receiver according to Claim 6, further comprising a regenerator for regenerating a carrier signal in accordance 
with the conversion signal output from the converter such that the carrier signal has the same frequency as that 
output from the local signal generator. 

13. A receiver comprising: 

a phased array antenna comprising first and second antenna elements for receiving a radio signal; first and 
second amplifiers for amplifying signals received by the first and second antenna elements, respectively, by 
predetermined amplification factors; and a phase shifter for shifting, by a predetermined amount, the phase 
of the signal received by the first antenna element; 

a local signal generator for generating a local signal with a predetermined frequency; and 
a direct conversion modulator comprising: 

first generating means which is supplied with the received signal shifted in phase by the phase shifter of 
the phased array antenna and the local signal generated by the local signal generator during a signal 
demodulation process and which is supplied, at a predetermined time not during the signal demodulation 
process, with the received signal shifted in phase by the phase shifter of the phased array antenna, thereby 
generating a plurality of signals which are different in phase; 

second generating means which is supplied with the received signal output from the second amplifier of 
the phased array antenna and which generates a plurality of signals different in phase; 
a first power detector for detecting the level of a signal output from the first generating means; 
a second power detector for detecting the level of a signal output from the second generating means; 
at least one signal combiner for combining corresponding signals output from the first generating means 
and the second generating means, except for output signals applied to the first and second power detec- 
tors; 

at least one third power detector for detecting the signal level of a signal output from the signal combiner; 
and 

a converterfor, during the signal demodulation process, converting the output signals of the first, second, 
and third power detectors so as to obtain a plurality of signal components contained In the received signal 
or the local signal in accordance with a predetermined parameter, and, at a predetermined time not during 
the signal demodulation process, determining the amount of phase shift created by the phase shifter In 
accordance with the output signals of the first, second and third power detectors so that a predetermined 
condition is satisfied. 

14. A receiver according to Claim 13, wherein, on the basis of the output signal powers P 0 , P 1f and P 2 of the first, 
second and third power detectors, respectively, the converter determines the phase difference at the input terminals 
of the signal combiner between the signals received by the two antenna elements and determines the amount of 
phase shift created by the phase shifter so that the phase difference is cancelled. 

15. A receiver according to Claim 13, further comprising a controller for adjusting the phase shift of the phase shifter 
in accordance with the amount of phase shift determined by the converter. 

16. A receiver according to Claim 14, further comprising a controller for adjusting the phase shift of the phase shifter 
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in accordance with the amount of phase shift determined by the converter. 

17. A receiver according to Claim 13, wherein signals output from the first and second generating means are applied 
to the signal combiners such that the signals output from the output terminals which are similar in structure are 

5 applied to the same one of the signal combiners, 

1 8. A receiver according to Claim 1 3, wherein the local signal generator sets the level of the local signal in accordance 
with the output signal of the converter. 

io 19. A receiver according to Claim 13, further comprising a regenerator for regenerating a carrier signal in accordance 
with the conversion signal output from the converter such that the carrier signal has the same frequency as that 
output from the local signal generator. 

20. A receiver comprising: 

15 

a phased array antenna comprising first and second antenna elements for receiving a radio signal; first and 
second amplifiers for amplifying signals received by the first and second antenna elements, respectively, by 
predetermined amplification factors; and a phase shifter for shifting, by a predetermined amount, the phase 
of the signal received by the first antenna element; 
20 a local signal generator for generating a local signal with a predetermined frequency; and 

a direct conversion demodulator comprising: 

first generating means which is supplied with the received signal shifted in phase by the phase shifter of 
the phased array antenna and the local signal generated by the local signal generator during a signal 
25 demodulation process and which is supplied : at a predetermined time not during the signal demodulation 

process, with the received signal shifted in phase by the phase shifter of the phased array antenna, thereby 
generating a plurality of signals which are different in phase; 

second generating means which is supplied with the received signal output from the second amplifier of 
the phased array antenna and which generates a plurality of signals different in phase; 
30 a first power detector for detecting the level of a signal output from the first generating means; 

a second power detector for detecting the level of a signal output from the second generating means; 
at least one signal combiner for combining corresponding signals output from the first generating means 
and the second generating means, except for output signals applied to the first and second power detec- 
tors; 

35 at least one third power detector for detecting the signal level of a signal output from the signal combiner; 

and 

a converter for, during the signal demodulation process, converting the output signals of the first, second, 
and third power detectors so as to obtain a plurality of signal components contained in the received signal 
orthe local signal in accordance with a predetermined parameter, and, at a predetermined time not during 
40 the signal demodulation process, determining the amplification factors of the first and second amplifiers 

in accordance with the output signals of the first and second power detectors so that a predetermined 
condition is satisfied and also determining the amount of phase shift created by the phase shifter in ac- 
cording with the output signals of the first, second and third power detectors so that a predetermined 
condition is satisfied. 

45 

21. A receiver according to Claim 20, wherein the converter determines the amplification factors so that the output 
signal power P 0 of the first power detector and the output signal power P., of the second power detector becomes 
equal to each other, and furthermore, on the basis of the output signal powers P 0 , and P 2 of the first, second 
and third power detectors, respectively, the converter determines the phase difference at the input terminals of the 

so signal combiner between the signals received by the two antenna elements and determines the amount of phase 

shift created by the phase shifter so that the phase difference is cancelled. 

22. A receiver according to Claim 20, further comprising a controller for controlling the first and second amplifiers so 
that the first and second amplifiers have the amplification factors determined by the converter, and for controlling 

55 the amount of phase shift created by the phase shifter so that the amount of phase shift determined by the converter 

is created by the phase shifter. 

23. A receiver according to Claim 21 , further comprising a controller for controlling the first and second amplifiers so 
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that the first and second amplifiers have the amplification factors determined by the converter, and for controlling 
the amount of phase shift created by the phase shifter so that the amount of phase shift determined by the converter 
is created by the phase shifter. 

24. A receiver according to Claim 20, wherein signals output from the first and second generating means are applied 
to the signal combiners such that the signals output from the output terminals which are similar in structure are 
applied to the same one of the signal combiners. 

25. A receiver according to Claim 20, wherein the local signal generator sets the level of the local signa. in accordance 
with the output signal of the converter. 

26. A receiver according to Claim 26, further comprising a regenerator for regenerating a carrier signa! in accordance 
with the conversion signal output from the converter such that the carrier signal has the same frequency as that 
output from the local signal generator. 
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